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2. Son1ewhat surprisingly, sodiu1n losses fron1 the Sheldon Creek watershed have jncreased 
( 111 o/o since 1994) over the past five years. This phenon1enon is not related to runoff 
events in that 91% of the sodiu1n loading from the watershed occurred during baseline 
flow. As in previous years, the 1najor source of sodium in Lake Neatahwanta was 
Sheldon Creek which contributed >90% of the sodium entering the Lake in 1998. The 
traditional maximum of sodiu1n loading in the winter did not occur. In 1994 and 1997, 
the greatest loss of sodium from the watershed occurred in the winter and spring when 
deicing salt is applied to roads. In 1998, the highest percentage of sodium loss occurred 
during the su1nmer (34.5%>), with lesser amounts lost during the winter (24.6%) and 
spring (17.4%). This suggests tlrat salt levels in the groundwater have increased and 
that during the dry sum1ner groundwater laden with salt (groundwater intrusion) is 
being transported into Sheldon Creek. Another possibility is that there is another 
non-traditional source (i.e., not de-icing salt) of sodium in the watershed. Segtnent 
analysis n1ay help answer this question. 
3. Nitrate transport from the Sheldon Creek watershed behaved similar to sodiutn. As in 1997, 
over 70% of the loss from the watershed into Lake Neatahwanta took place during 
baseline conditions with losses distributed relatively evenly over the seasons. As with 
sodium, the loss of nitrate from the Sheldon Creek watershed increased 31% from 1994 
to 1998. 
4. Preliminary "Segment Analysis" of portions of the Sheldon Creek watershed suggest that 
high loading of sodium and nitrate from Sheldon Creek to Lake Neatahwanta may 
originate in "Segment 4" during baseline conditions. Transport of phosphorus and 
soils also appeared to be very high from "Segment 6" and perhaps "Segfrfent 3 ". This 
work is preliminary and ongoing and conclusions are likely to change as further 
analyses are completed. 
4. Cotnpared to the su?urban and urban watersheds of Monroe County, Sheldon Creek has a 
phosphorus loading that is high, and due to its relatively s1nall watershed, the 
phosphorus loading on an areal basis is much greater than creeks receiving treated 
sewage. The 1998 loading was the highest recorded to date. This result continues to 
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suggest a 1najor point source or non-point source of nutrients, as well as soils in the 
Sheldon Creek watershed. Sheldon Creek is still the 1naj or source of nutrients and 
suspended solids to Lake N eatahwanta. 
5. Although the results are prelin1inary because one n1ore full season of monitoring is scheduled 
for the Muckland Demonstration Project (Ferlito Field), it is quite clear that constructed 
artificial wetlands significantly reduce the concentration of nutrient and soil in water 
drained from the n1ucklands. For example, significant reductions in average 
concentrations of total phosphorus (81.5%), soluble reactive phosphorus (60.8%) and 
total suspended solids or soils (93.9%) were observed over the 22 week period. 
RECOMMENDATIONS: 
1. The 1nonitoring at the Sheldon Creek station should be discontinued for a few years while the 
focus of research is shifted towards identification of sources of pollution in this 
watershed. The station should be brought back on line in the future to quantify the 
results of the re1nediation effort. 
2. A stressed stream analysis of the Sheldon Creek watershed was initiated this past year to 
identify non-point and point sources within this watershed that provides the largest 
amount of nutrients and materials into Lake Neatahwanta. Over the next year, this 
analysis should be brought to a conclusion. 
3. After identification of sources of nutrient and material losses from the Sheldon Creek 
watershed, a remediation program should be developed that considers various best 
management practices and demonstration projects that reduce, control or eliminate such 
losses. Since a major portion of the loss of materials and nutrients to Lake 
Neatahwanta occurs during precipitation events, management practices that reduce 
nutrient and material losses during periods of high discharge are desirable. 
Management pr
1
attices that target sources identified by stressed stream analysis (#2 
above) would be expected to have the largest i1npact on Lake N eatahwanta's water 
quality. In particular, practices that reduce seditnent loss from the watershed should 
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decrease the plun1es of sedin1ents that enter Lake Neatahwanta during 
hydron1eteorological events. 
4. The annua1 su1nn1er n1onitoring of one site on Lake Neatahwanta should be n1aintained as a 
reference or baseline site for future improvements. Samples should be taken a 
tninitnutn of four titnes during the months of June, July, and August. 
5. After ite1n 3 is completed or at least underway, consideration should be given to monitoring 
the stonn sewers that empty into the lake during several events to develop sotne 
appreciation of the a1nount of nutrients entering fron1 these direct drainage sources. 
6. At the Muckland Den1onstration Site, one more full season of data should be collected 
stressing the collection of flow data at both the inflow and outflow. A check of the 
dike near southeast end for leaks should occur before the planting season. 
Consideration should be given to transferring the Isco sampling unit fron1 the Sheldon 
Creek site to outflow structure at the muckland site for one year. 
METHODS 
General: 
Previous work and a site description of Lake Neatahwanta may be found in Makarewicz and 
Lewis (1994, 1998). Stream water samples were collected and strean1 height was measured 
weekly at stream sites from 1 December 1997 to 30 November 1998 by the Oswego County Soil 
and Water Conservation District. Sites were chosen, above the influence of Lake N eatahwanta, 
for ease of access (i.e., closeness to a bridge or culvert for gaging purposes) (See Fig. 1 in 
Makarewicz and Lewis 1998). Hydrological events were monitored hourly at Sheldon Creek 
with an Isco sequen~ial smnpler. The trigger for firing the sequential sampler changes with 
seasons and is defined in the 1998 report Makarewicz and Lewis (1998). 
All sampling bottles were pre-coded so as to ensure exact identification of the parucular sample. 
All filtration units and other processing apparatus were cleaned routinely with phosphate-free 
RBS. Containers were rinsed prior to sample collection with the water being collected. In 
general, all procedures followed EPA standard methods (EPA 1979) or Standard Methods for the 
Analysis of Water and Wastewater (APHA 1999) and were the same methods used in 1994 and 
1998 (Makarewicz and Lewis 1994, 1998). Sample water for dissolved nutrient analyses (SRP, 
nitrate + nitrite) was filteted immediately with 0.45 ~m MCI Magma Nylon 66 membrane filters 
and held at 4°C until an~lysis. 
Water Chemistry 
Chlorophyll a: Chlorophyll .f! was measured with a fluorometer following the method of 
Wetzel and Likens (1991). 
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Nitrate + NiJrite: Dissolved nitrate+nitrite nitrogen analyses were perforn1ed by the 
auton1ated (Technicon Autoanalyser) cad1niun1 reduction method (EPA 1979). 
Sodium and Potassium: Sodiu1n and potassium were detennined by atomic absorption 
spectrophotometry (Perkin Elmer 3030) (APHA 1999) on filtered samples. 
Total Phosphorus and Soluble Reactive Phosphorus: For total phosphorus, the persulfate 
digestion procedure was used prior to analysis. The digestate for total phosphorus and soluble 
reactive phosphorus were analyzed by the aut01nated (Technicon Autoanalyser) coloritnetric 
ascorbic acid tnethod (APHA 1999). 
Total Kjeldahl Nitrogen: Analysis was perfom1ed using a modification of the Technicon 
Industrial Method 329-74W/B. The following modifications were performed: 
1. In the sodiun1 salicylate-sodium nitroprusside solution, sodium nitroferri-cyanide (0.4g) 
replaced the concentrated nitroprusside stock solution. 
2. The reservoir of the autoanalyser was filled with 0.2M H2SO4 instead of distilled water. 
3. Other reagents were made fresh prior to each analysis. 
Total Suspended Solids: APHA (1999) Method 2540D was employed for this analysis. 
Physical Measurements: 
Stream Height: Hourly readings of stream level from Sheldon Creek were measured using an 
Isco Flow Meter equipped with a bubbler sensor. On all other streams, stream height was 
determined weekly by measuring the distance from the surface of the stream to a standard 
location on the overlying bridge or culvert. Stream area for various stream heights were 
calculated using a polynomial regression developed earlier (Makarewicz and Lewis 1998). 
Discharge and Loading: 
Sheldon Creek: 
The combined rating curve developed from the 1994 and 1997 data was used to determine 
discharge from stage height readings for this r~port. Where hourly readings were--not available, 
the daily average level or the weekly stream height measurement was used for calculation of 
discharge. In the calculation of nutrient loading to the lake, event loading was calculated by 
adding up hourly discharge for both the rising and falling limb and multiplying them by their 
respective chetnistries. During non-event periods, hourly discharge was summarized into a 
\Veekly discharge and multiplied by that period's chemistry value. If a hydrologic event occurred 
during the week, event 1,0ading was ·substituted for the period of the event to obtain total loading 
(event plus non-event). 1 
Other Creeks: 
Rating curves for other creeks were developed based on the cross sectional area and velocity at 
different streatn heights for each of the sampled tributaries of Lake Neatahwanta in 1994 and 
1997 (Makarewicz and Lewis 1998). The high correlation between discharge from Sheldon 
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Creek al1d Sumn1erville (r2=0.85) and Ley Creeks (r2=0.87) allowed the estin1ation of continuous 
discharge in these creeks based on daily discharge from Sheldon Creek (Makarewicz and Lewis 
1998). After daily discharges for all creeks were calculated, the loading calculations were 
handled similar to Sheldon Creek with the exception of events. Event discharge for the other 
creeks was not separated into rising and falling limbs. The total event discharge was 1nultiplied 
by the weekly chemistries to obtain event loading. Since chemistry from non-event periods 
underestin1ate chen1istry fron1 event periods, loading fron1 all creeks, except Sheldon Creek, are 
conservative (i.e., they are underestin1ates). 
Segment Analysis: Grab san1ples were taken at six sites distributed at the confluence of first 
order tributaries on 10 August 1998 (baseline), 2 Septe1nber 1998 (event), and 25 January 1999 
( 1nelt water event). 
Muckland Study: Starting on 13 April1998 and continuing through 9 November 1998, 
smnples were taken at the intake and at the outflow structures mini1nally once per week. Also, 
additional samples were taken at the inflow structure each time water was pumped out of the 
channel draining the muckland into to the constructed wetland with an auto1natically triggered 
Isco san1pler. At the outflow, smnples were taken autmnatically with an Isco smnpler whenever 
water flowed out of the outflow structure. 
Watershed Area: Areas used in the loading calculations were obtained by plani1netry from 
USGS topography maps. Watershed areas for the Lake Neatahwanta watershed were not the 
whole area of the watershed but were the area of the watershed upstrean1 from the sampling 
point. 
Statistical Analysis: Comparisons of means were by Student's t-test with a significance of 
P>0.05. 
Quality Control 
Quality Assuranc~ Internal Quality Control: Multiple sample control charts (APHA 1999) 
were constructed for each parameter analyzed, except total suspended solids and chlorophyll. A 
prepared quality control solution was placed in the analysis stream for each sampling date. If the 
control solution was beyond the set limits of the control chart, corrective action ·was taken and 
the samples re-run. 
External Quality Control: The New York State Department of Health's Environmental 
Laboratory Approval Program (ELAP) proficiency test results for our laboratory are presented in 
Table 1. 
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RESULTS and DISCUSSION 
Discharge 
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The tnean daily stremn discharge values (m3/day) for 1998 (Fig. 1) were not significantly 
different from 1997 or 1994, and were in descending order: Sheldon Creek, Summerville Creek, 
and Ley Creek (Table 2). As in 1994 and 1997, over 58% of the water discharged into Lake 
Neatahwanta was from Sheldon Creek (not including the Summerville Branch) (Fig. 2). Unlike 
1994 where discharge was highest in the spring, discharge in 1997 and 1998 was highest in the 
winter (33.2% and 38.2% of total discharge). 
Water Chemistry 
Annual means for stream water chemistry data are presented in Table 2. As in 1994, and 
1997 concentrations of total phosphorus and total kjeldahl nitrogen in stream water were highest 
in Ley Creek, while nitrate and sodium concentrations were highest in Sheldon Creek. F o; the 
first time since 1994, Sheldon Creek had the highest concentration of total suspended solids 
instead of Ley Creek. 
Sheldon Creek: Baseline or non-event concentrations of total phosphorus, total suspended 
solids, nitrate nitrogen and sodium were not significantly different between 1994, 1997 and 1998 
(Table 3) while total kjeldahl nitrogen (TKN) and total suspended solids (TSS) were 
significantly higher in 1997. During hydrologic events, total phosphorus, total suspended solids 
and TKN concentrations were significantly higher than previous years (Table 3). 1-~ 
Ley Creek: Total phosphorus concentrations were significantly lower in 1998 when 
compared to either 1994 or 1997 (Table 2). Nitrate, total suspended solids and TKN returned to 
the lower concentration~;abserved in 1994. Sodium concentrations continued an upward trend 
from 1994 through 1998. 
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Sun1I11erville Creek: Total phosphorus and nitrate concentrations were not significantly 
different in 1994, 1997 or 1998. Total suspended solids and TKN concentrations were 
significantly lower in 1998 compared to 1997 (Table 2). Sodiutn concentrations continued to 
increase fro1n 1994 to 1997 to 1998. 
Lake Neatahwanta: Chetnistry data are provided in Table 4. Because of intentional low 
intensity san1pling sche1ne, no trends are discernable. However, based on the co1nparison of 
phosphorus loading and chlorophyll levels in Lake Neatahwanta (Fig. 3), the lake would be 
considered to be eutrophic. That is, the lake has a very high productivity. 
Loading 
Table 5 presents mean daily annual loading of total phosphorus, total kjeldahl nitrogen, 
nitrate, total suspended solids and sodium for the 1994, 1997 and the 1998 period in Sheldon 
Creek. The loading data presented here is based on continuous discharge measured at Sheldon 
Creek and thus reflects the high discharge caused by precipitation events and snow melt. Table 6 
represents daily loading for Sheldon, Summerville and Ley Creeks for the period 1 December 
1997 to 30 Noven1ber 1998. In Ley and Summerville Creeks, the calculated losses from the 
watershed are not weighted by any event chen1istry and thus are probably underestitnated. 
Annual loading can be derived by multiplying values from Table 6 by 365. 
Sodium: 
MATERIAL LOSSES FROM THE SHELDON CREEK WATERSHED 
1994- 1998 
Sodium losses from ~pe Sheldon Creek watershed into the lake (Table 5) continued its 
surprising upward trend (Fig. 4a). Sodium loss has increased Ill% since 1994. This 
phenon1enon is not related to runoff events in that 91% of the sodium loading frotn the watershed 
occurred during baseline flow (Fig. 5). As in previous years, the tnajor source of soditun to Lake 
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Neatahwanta was Sheldon Creek (Table 6) which contributed >90% of the sodiun1 entering the 
Lake in 1998 (Fig. 2). The traditional winter seasonality of sodium loading has changed. 
Normally, the greatest loss of sodium from the watershed occurs in the winter and spring when 
deicing salt is applied to roads. In 1998, the highest percentage of sodiurn loss occurred during 
the sumrner (34.5%) with lesser amounts lost during the winter (24.6%) and spring (17.4o/o). This 
suggests that salt levels in the groundwater have increased and that during the dry sumn1er 
groundwater laden with salt (groundwater intrusion) is being transported into Sheldon Creek. 
Another possibility is that there is another non-traditional source (i.e., not de-icing salt) of 
sodium in the watershed. Segment analysis may help answer this question. As discussed later, 
segment analysis has suggested that "Segment 4" is the source of these chernicals. 
Nitrate: 
Nitrate loss from the Sheldon Creek watershed behaved similar to sodium. As in 1997, over 
70% of the loss from the watershed into Lake Neatahwanta took place during baseline conditions 
with losses distributed relatively evenly over the seasons (Fig. 5). As with sodium, the loss of 
nitrate from the Sheldon Creek watershed increased from 1994 to 1997 to 1998 (Figure 4b ). The 
progressive increase in transport of nitrate from the Sheldon Creek watershed suggests a new 
source within the watershed. 
Total Phosphorus: 
Three years of monitoring indicate that over 70% of the total phosphorus entering Lake 
Neatahwanta is from S~~ldon Creek (Fig. 2). Total phosphorus loss is event responsive in 
Sheldon Creek in that over 76°/o of the annual loss occurs during events (Fig. 5). Fifty four 
percent of total phosphorus loading occurred during the winter. Phosphorus loss in 1998 was 
11 
to 1 
seasons. 
at 
mass 
on assu1nption UlL!vU,:')CII..,·U 
J.VUUJ.J.J.f;:.. decreased slightly 
/ 
1998 to 
higher than 1994 
5). 
not 
season. 
was a source 
6 
were 1 
12 
1 
1 
1 
to 
significantly higher than any other location. This summer "Segn1ent 4" will be smnpled 
intensively to identify a source. 
Phosphorus levels (TP and SRP) were consistently high at the base of "Segment 6" on all 
three sarnpling dates. Soil loss (TSS) during an event in September suggested that again 
"Segment 6" was a source. In addition, the large snow melt on 25 January, 1999 indicated that 
"Segment 3" had the highest loss of soils (TSS) of all the segments analyzed (Figure 8). 
Segment 6 will be sampled more intensively this spring. Further analysis may suggest that 
Segment 3 should be looked at more carefully. 
MUCKLAND DEMONSTRATION PROJECT 
One full surnmer of research has been completed at the muckland demonstration site. The 
"Ferlito Field" is planted in onions and sorghum in a muckland. Drainage from mucklands is 
often considered to contain high levels of nutrients and thus a management practice to reduce 
nutrient losses from rnucklands is of interest to both agriculturist and water quality managers. 
During the growing season, water draining from the muckland planted in onions was pumped 
into an artificial wetland constructed during the spring of 1997. The purpose of this-study is to 
demonstrate the effectiveness and thus feasibility of using wetlands to reduce nutrients and 
suspended solids in water draining mucklands in agricultural use. Although the results are 
preliminary because one;tnore full season of monitoring is scheduled, it is quite clear that 
wetlands significantly reduce the concentration of nutrients and soil in water drained from the 
1nucklands. For example, significant reductions in average concentrations of total phosphorus 
(81.5%), soluble reactive phosphorus (60.8%) and total suspended solids or soils (93.9%) were 
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observed over the 22 week period (Table 8). A reduction in total kjeldahl nitrogen of 21% was 
also observed, but due to the high variability in the data, the reduction was not statistically 
significant. No reduction in nitrate or potassiutn was observed over entire 22 week study period. 
Although concentration is a legitimate way of evaluating the effect of the constructed 
wetland on itnproving water quality, it does not consider the totaltnass of nutrients being 
ren1oved while in the wetland. On four dates, nutrient and materials budgets were constructed 
that considered water volume entering and leaving the wetland 1nultiplied by the concentration of 
the analyte. Unlike the concentration data where 22 weeks were evaluated, only four weeks data 
of flow data were available and thus the conclusions are limited. The data in Table ,g supports 
the conclusions frotn the concentration data. Significant reductions in all analytes were 
observed (range of reduction= 40 to 100%) when inflow exceeded outflow. Inflow exceeds 
outflow occurs when evapo-transpiration and loss as ground water reduces discharge at the 
outflow. That is, in son1e weeks, water did not flow continuously from the outflow 
structure/ dam. 
During periods when water continuously flowed over the outflow structure/ dc;~-IU, a different 
situation developed. Reductions in 1nass of total phosphorus, soluble reactive phosphorus and 
total suspended solids were observed, as with the concentration data and with the nutrient budget 
data when outflow was :}Bt continuous. However, reduction in tnass of total kjeldahl nitrogen, 
potassiutn and nitrate (on one date) were not observed. Instead, 1nass of potassium, nitrate and 
total kjeldahl nitrogen leaving the system increased over what was entering the wetland (Table 
9~) suggesting that these chetnicals were generated within the wetland complex as a result of 
14 
decomposition processes. These results are preliminary and may change with n1ore data points 
next year. Next year, 1nore effort has to go into obtaining flow data for both the inflow and 
outflow to confirm these results. 
Summary:. 
As discussed in the previous reports, a comparison of Lake Neatahwanta tributaries from 
other counties is instructive in identifying the relative condition of creeks entering Lake 
Neatahwanta (Table 10). Cotnpared to the suburban and urban watersheds of Monroe County, 
Sheldon Creek has a phosphorus loading that is exceedingly high, and due to its relatively small 
watershed, the phosphorus loading on an areal basis is much greater than creeks receiving treated 
sewage (Lower Northrup Creek, Irondequoit Creek prior to diversion of sewage). One 
watershed, the Sheldon Creek watershed, contributed over 75% of the total phosphorus, total 
kjeldahl nitrogen, total suspended soilds, nitrate and sodium to Lake Neatahwanta. The transport 
of phosphorus from the Sheldon Creek watershed to Lake Neatahwanta in 1998 was the highest 
levels recorded in the past five years (30.04 g P/ha/d). Also, the tremendous transport of soils 
(TSS) (annual daily average = ,...,50,000 lbs/day) from the Sheldon Creek watershed undoubtedly 
plays a major role in the turbidity plumes observed in Lake Neatahwanta and the gradual, but 
steady filling of Lake Neatahwanta with sediment. This suggests a major point s0\.1.-fee or 
non-point source of sediments and nutrients in the Sheldon Creek watershed. The record high 
levels of phosphorus loading and sediment transport from Sheldon Creek continue to have a 
direct and definite itnpayt on Lake Neatahwanta. The segment analysis begun this year should 
identify the sources of the sediment and phosphrous loss from this watershed. Preliminary 
analysis suggest that high loading of sodium and nitrate from Sheldon Creek to Lake 
15 
Neatahwanta tnay originate in "Segtnent 4". Transport of phosphorus and soils also appeared to 
be very high from "Segment 6" and perhaps "Segtnent 3 ". 
Control of material losses from the Sheldon Creek watershed during events should be a 
priority. Total phosphorus, total kjeldahl nitrogen and total suspended soilds are all highly event 
responsive. In particular, remediation measures that control losses of soils from the Sheldon 
Creek watershed should have a direct impact on Lake Neatahwanta. By this we mean, that a 
reduction in sediment loss will reduce the turbidity/sediment plumes observed during 
hydrometeological events that account for over 90% of the transport from the Sheldon Creek 
watershed. 
Sodiutn and nitrate losses from Sheldon Creek continue to increase from 1994. The losses of 
these materials are not related to event runoff. An increase in the percentage of groundwater 
making up base flow or an increase in the concentration of these constituents in the groundwater 
are possible causes of the increase in the last two years, both of which had extended dry periods. 
Alternatively, a continuous source may be in the watershed. Segment analysis on Sheldon Creek 
during the sutntner may be able to identify the location of sodium losses if the entire 
ground\vater has not be affected. 
Nevertheless, the relationship between phosphorus loading from watersheds~ chlorophyll 
concentrations in Lake Neatahwanta in 1998 suggest no significant change in water quality or 
trophic state since 1994 (Fig. 2). 
Best Management Pr~ctices: 
To achieve the goal of controlling tnacrophytes and in1proving the water quality of Lake 
N eatahwanta, tnanagement of the watersheds draining into Lake N eatahwanta has begun by the 
Qswego Soil and Water Conservation District. These include efforts to reduce soil lost by rock 
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rip-rapping of the stream banks in eroding areas and limiting the access of cows into the stream. 
Whether or-not n1anage1nent practices include a reduction of fertilization, control of water 
n1ovement can be a tneans of significantly reducing non-point source pollution. Since water 
must cotne in contact with the nutrient source and then be transported to the surface (or 
subsurface) water body, the nutrients in water bodies are functions of soil fertility and quantities 
of transporting water. Management practices which reduce surface runoff have been shown to 
drmnatically decrease the magnitudes of sediment and chemical losses from land areas (Haith 
1975). 
Haith (1975) and the NYSDEC (1986) recommend use ofbuffer strips of forest or grass 
between the pollutant source and a stream to intercept the runoff, resulting in removal by 
deposition or filtering by the vegetative cover. Other management practices include diversion 
terraces and ditches, storm water detention ponds, wetlands and infiltration pits. Also, the 
muckland demonstration project in Oswego clearly demonstrates that constructive wetlands will 
successfully remove nutrients and suspended solids (soils) from drainage water. The relatively 
few days of high runoff required to export much of the annual water and nutrients from the Lake 
N eatahwanta watershed implies the necessity of managetnent practices designed to deal with the 
large volmnes of water involved during intense runoff events. Changes in croppin~ and soil 
conservation practices, decreases in impervious services and provision of buffer areas along 
surface waterways will result in predictable changes in runoff quantities and qualities and hence 
non-point source polluti911 (Haith 1975). 
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Table l. Results of the sen1i-annual New York State Environn1ental Laboratory Assurance 
Prograrn (ELAP Lab # 11439, SUNY Brockport) Non-Potable Water Chemistry Proficiency 
Test, July 1997. Score Definition: 4 (Highest) = Satisfactory, 3 = Marginal, 2 = Poor, 1 = 
Unsatisfactory. 
Analyte Mean/Target Result Score 
Residue 
Solids, Total Suspended . 36.6 n1g/L 35.3 mg/L 4 
Solids, Total Suspended 87.7 1ng/L 82.9 1ng/L 3 
Hydrogen Ion (pH) 
Hydrogen Ion (pH) 4.02 4.06 4 
Hydrogen Ion (pH) 8.42 8.54 3 
Organic Nutrients 
Kjeldahl Nitrogen, Total 1.94 mg/L 1.88 mg/L 4 
Kjeldahl Nitrogen, Total 5.53 mg/L 5.19 mg/L 4 
Phosphorus, Total 1.43 mg/L 1.46 mg/L 4 
Phosphorus, Total 7.38 mg/L 7.70 mg/L 4 
Total Alkalinity 
Alkalinity 104 mg/L CaC03 107 mg/L CaC03 4 
Alkalinity 516 mg/L CaC03 536 mg/L CaC03 4 
Inorganic Nutrients 
Nitrate (as N) 3.38 mg/L as N 3 .44 mg/L as N 4 
Nitrate (as N) 8.89 mg/L as N 8.86 mg/L as N 4 
Orthophosphate (as P) 1.62 mg/L asP 1.67 mg/L as P 4 
Orthophosphate (as P) 3.03 mg/L asP 3.16 mg/L asP 4 
Minerals 
Chloride 237 mg/L 232 mg/L 4 
Chloride 45.0 mg/L 44.3 mg/L 4 
Wastewater Metals I and II 
Calcium, Total 10.00 mg/L 9.65 mg/L .,..~ 4 
Calcium, Total 39.80 mg/L 38.20 mg/L 4 
Magnesiu1n, Total 2.98 1ng/L 2.92 mg/L 4 
Magnesium, Total 19.70 mg/L 19.79 mg/L 4 
Potassiun1, Total ·/ 3.06 mg/L 3.08 mg/L 4 
Potassium, Total 9.23 1ng/L 9.68 1ng/L 4 
Sodium, Total 34.80 mg/L 34.15 mg/L 4 
Sodium, Total 69.60 1ng/L 67.13 tng/L 4 
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Table 2. Summary of physical and baseline chemical parameters (concentrations) for 1998 (1 December, 1997 to 30 November 1998), 
1997 and 1994 in Sheldon, Summerville and Ley Creeks. Values represent the annual mean± standard error followed by the range. ND 
= non-detectable. 
Sheldon Creek Summerville Creek Ley Creek 
1994 1997 1998 1994 1997 1998 1994 1997 1998 
Total phosphorus 102.4 ± 7.0 92.0 ± 10.1 101.3 ± 7.3 115.3 ± 15.2 108.1 ± 14.8 111.0 ± 25.3 278.8 ± 27.0 270.8± 30.0 192.5 ± 21.1 
(!lg P/L) (19:6- 245.4) (33.2 - 547.2) (30.3 - 283.2) (15.2- 657.5) ( 1.1 - 487.5) (12.9- 828.3) (39.6- 1167.5) ( 48.9 - 1 008.0) (34.0- 1016.4) 
Nitrate + nitrite 1.41 ± 0.06 1.55 ± 0.08 1.39 ± 0.08 0.40 ± 0.08 0.34 ± 0.07 0.38 ± 0.09 0.76 ± 0.16 1.13 ± 0.33 0.72 ± 0.10 
(mgN!L) (0.03 - 2.68) (0.27- 3.99) (0.14- 3.29) (NO- 2.78) (0.05 - 2.99) (NO- 3.98) (NO- 8.62) (NO- 15.75) (NO- 2.86) 
Total suspended 8.9 ± 1.3 15.5±3.2 13.2 ± 2.1 8.5 ± 1.6 10.8 ± 3.7 5.2 ± 0.6 10.1 ± 1.7 23.7 ± 4.7 11.1 ± 1.5 
solids (mg/L) (0.0- 54.0) (0.0- 139.2) (<0.1 - 63.8) (0.4- 57.8) (0.0 - 145.8) (0.2- 21.0) (NO- 62.8) (0.4- 153.2) (0.4- 64.0) 
Total kjeldahl 658 ± 39 910 ± 45 695 ± 32 675 ± 44 836 ± 47 607 ± 39 825 ± 47 1128 ± 92 818 ± 44 
nitrogen (!lg N/L) (250- 1985) (410- 1740) (<50- 1400) (70-1710) (330- 1890) (<50- 1560) (148- 1930) (100- 3600) (60- 1500) 
Sodium (mg/L) 26.03 ± 1.89 29.89 ± 2.32 31.97 ± 2.10 6.48 ± 0.21 8.66 ± 0.44 9.36 ± 0.38 9.48 ± 0.76 11.59 ± 0.90 12.68 ± 0.56 
(8.50. 59.16) (9.77- 87.92) (12.18- 81.04) ( 1.22 - 9 .88) (3.03 - 21.38) (5.61- 25.29) (2. 78 - 27.29) (4.29- 32.90) (5.93 - 22.64) 
Discharge (m3/d) 96,831 103,871 113,784 20,562 18,460 21,247 8,051 7,628 9,039 
Watershed area (ha) 1357 409 632 
TP N02+N03 Na TSS TKN 
(~g/L) (mg/L) · (mg/L) (mg/L) 
Event 
1998 2,847 1.45 15.69 1,762 8,628 
1997 703 1.71 26.37 832 
1994 917 1.11 16.92 734 
Baseline 
1998 101.3 1.39 31.97 13.2 695 
1997 92.0 1.55 29.89 15.5 912 
1994 102.4 1.41 26.03 8.9 658 
for grab ...,~'-A .... ,__, .... ~ ... 
phosphorus, 
.6 0.1 
Table 5. Daily loss of nutrients and 1naterials from the Sheldon Creek watershed in 1994, 
1997, and 1998. TP=Total Phosphorus. Na=Sodium. TSS=Total Suspended Solids. TKN=Total 
Kjeldahl Nitrogen. 
1998 
1987 
1994 
Discharge TP Nitrate 
(m3/day) (kg/day) (kg/day) 
113,784 
103,871 
96,831 
40.8 
28.2 
37.2 
168 
158 
128 
Na 
(kg/day) 
3,111 
2,640 
1,475 
TSS 
(kg/day) 
22,649 
22,366 
26,232 
TKN 
(kg/day) 
166 
140 
160 
Table 6. Average daily loading of selected parameters from Sheldon, Summerville and Ley 
creeks, 1 Decen1ber 1997 to 30 November 1998. Annual loading can be derived by multiplying 
values by 365. TP =total phosphorus, TSS =total suspended solids and TKN =total kjeldahl 
nitrogen. 
Discharge TP Nitrate TSS TKN Sodium 
(m3/d) (kg/d) (kg/d) (kg/d) (kg/d) (kg/d) 
Sheldon 113,784 40.8 168 22,649 166.1 3,111 
Summerville 21,247 1.9 8.4 100 12.0 194 
Ley 9,039 2.0 8.3 89 7.2 120 
Discharge TP Nitrate TSS TKN Spdium 
(m3/ha/d) (g/ha/d) (g/ha/d) (g/ha/d) (g/ha/d) (g/ha/d) 
Sheldon 83.8 30.0 124.1 16,690 122.4 2293 
Su1nn1erville 51.9 4.7 20.5 245 29.3 474 I 
Ley 14.3 3.1 13.1 141 11.3 191 
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Table 7. Daily loss of nutrients and 1naterials fron1 the Summervile and Ley Creeks 
watershed in 1994, 1997, and 1998. TP=Total Phosphorus. Na=Sodium. TSS=Total Suspended 
Solids. TKN=Total Kjeldahl Nitrogen. 
Summerville Creek 
Discharge TP Nitrate Na TSS TKN 
(m3/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
1998 21,247 1.92 8.38 194 100 12.0 
1997 18,460 2.02 5.43 151 123 13.0 
1994 20,562 2.24 8.73 135 197 11.7 
Ley Creek 
Discharge TP Nitrate Na TSS TKN 
(m3/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
1998 9,039 1.96 8.30 120 89 7.2 
1997 7,628 2.70 7.14 90 110 7.3 
1994 8,051 2.37 5.95 91 57 6.5 
I 
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Table 8. Percent reduction of nutrients and sediments from muckland drainage water after 
passing through a constructed wetland. SRP = soluble reactive phosphorus, TP = total 
phosphorus, N03 =nitrate, TSS ==total suspended solids, TKN =total kjeldahl nitrogen, K = 
potassium. Asterisk(*) indicates a significant difference at P = 0.001, n = 22. 
TP SRP N03 TSS TKN K 
ug/L ug/L mg/L mg/L ug/L mg/L 
Inflow 362 19 332 1529 2.03 
Outflow 49 7 0.26 20 1207 2.23 
Percent 81.5* 60.8* +4.0 93.9* 21 +9.9 
Reduction 
/ 
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Table 9. Nutrient and 1naterial budget for the constructed wetland. Values represent flow 
times concentration of analyte. SRP = soluble reactive phosphorus, TP = total phosphorus, N03 
=nitrate, TSS =total suspended solids, TKN =total kjeldahl nitrogen, K = potassiu1n. 
Discharge SRP TP N03 TSS TKN K 
(m3) (kg) (kg) (kg) (kg) (kg) (kg) 
4/14 - 4/20/98 
Inflow 10234 0.11 7.48 1.05 6396.37 20.06 17.68 
Outflow 3933 0.04 0.11 0.28 40.12 1.65 5.70 
Outflow - Inflow -6301 -0.08 -7.37 -0.78 -6356.26 -18.41 -11.98 
Percent Change -73% -99% -74% -99% -92% -68% 
5/9- 5/15/98 
Inflow 602 0.01 0.69 0.02 585.22 1.06 0.94 
Outflow 1960 0.01 0.08 0.01 14.77 2.16 2.~2 
Outflow - Inflow 1358 0.00 -0.60 -0.01 -570.45 1.10 1.68 
Percent Change 0% -87% -50% -98% +104% +179% 
8/29- 9/4 
Inflow 1505 0.02 0.33 0.21 272.43 2.73 3.96 
Outflow 1680 0.01 0.12 1.89 22.67 5.32 7.92 
Outflow- Inflow 175 -0.01 -0.20 1.69 -249.76 2.59 3.96 
Percent Change -50% -61% +805% -92% +95% +100% 
9/8 - 9/14 
Inflow 1384.6 0.02 0.14 0.02 126.76 1.22 3.25 
Outflow 571 0:00 0.01 0.00 0.23 0.73 1.75 
Outflow - Inflow -814 -0.02 -0.13 -0.02 -126.53 -0.49 -1.50 
-100% -93% -100% -99% -40% -46% 
I 
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Table 10. Comparison of phosphorus loading in subbasins of the Irondequoit Bay watershed, 
other Monroe County creeks, tributaries of Sodus and Port Bays and Lake Neatawanta 
tributaries. Irondequoit basin data are fro1n 1980-81 (O'Brien and Gere 1983). Data from other 
Monroe County creeks are from 1987-88 (Makarewicz 1988). Wayne County creek data fron1 
1990-91 are from Makarewicz et al. 1991, Makarewicz et al. 1992 and Makarewicz et al. 1993 
Subbasin or Creek Total Phosphorus Total Phosphorus 
Loading Loading 
(kg P/d) (g P/ha/d) 
Irondequoit Watershed 
Irondequoit Creek at Browncroft 
Blvd. 197 5-77 (pre-diversion) 220 5.6 
1978-79 (post-diversion) 78 2.00 
Irondequoit Creek at Blossom 
Road (remedial action) 
1979 85 2.30 
1982 34 0.92 
Monroe County Creeks ' 
Larkin 2.20 0.70 
Buttonwood 3.60 1.58 
Lower Northrup 12.40 6.64 
Upper Northrup 3.40 3.23 
Wayne County Creeks 1990-91 1991-92 1992-93 1990-91 1991-92 1992-93 
First 0.13 0.09 0.17 0.11 
Second 0.49 0.38 0.19 0.15 
Third 0.60 0.47 0.50 0.39 
Clark 0.04 0.03 0.03 0.22 
Sodus West 0.49 0.35 0.60 0.43 
Sodus East 21.47 26.27 34.58 7.01 8.57 11.28 
Port Bay Watershed 1990-91 1991-92 1992-93 1990-91 1991-9{~ 1992-93 
Wolcott 17.24 12.73 22.13 3.90 2.88 5.01 
Bobolink 0.01 0.02 
Clapper 0.39 1.97 
Sanford 0.25 1.11 
I 0.27 Williams 0.24 
Lake Neatahwanta Watershed 1993-94 1996-97 1997-98 1993-94 1996-97 1997-98 
Sheldon 37.20 28.20 40.76 27.41 20.80 30.0 
Summerville 2.24 2.02 1.92 5.47 5.00 4.7 
Ley 2.37 2.70 1.96 3.75 4.30 3.1 
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Figure 2. Percent areal loss of total phosphorus (TP), nitrate (N03), sodium (Na), total kjeldahl 
nitrogen (TKN), total suspended solids (TSS) and water (Disch) from Sheldon, Summerville, and 
Ley Creeks in 1994, 1997 and 1998. 
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Results of segment analysis for Sheldon Creek, 10 August 1998. 
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1 - Raw data from Ley Creek. December 1997 to November 1998. 
Date TP N02+NO Na TSS TKN 
Appendix 1 - Raw data from Ley Creek. December 1997 to November 1998. 
Date TP N02+NO Na rss TKN 
Ley j..lg/L mg/L mg/L mg/L j..lg/L 
12/01/97 218.9 2.86 11.14 11.2 830 
12/08/97 175.7 2.22 19.79 4.3 900 
12/15/97 67.7 1.65 22.64 5.5 590 
12/22/97 83.1 1.74 16.88 2.8 750 
12/29/97 194.4 2.16 16.90 6.0 700 
01/05/98 114.6 1.09 19.14 7.8 560 
01/12/98 470.5 1.44 8.31 9.0 700 
01/20/98 412.5 1.06 8.92 0.8 1100 
01/26/98 149.7 0.81 15.34 3.8 930 
02/02/98 100.8 0.71 18.04 2.2 490 
02/09/98 81.2 0.51 14.79 1.6 320 
02/17/98 249.5 1.12 13.30 21.2 1070 
02/23/98 404.7 1.16 9.43 6.8 930 
03/02/98 146.7 0.63 11.73 8.6 580 
03/09/98 239.1 0.30 12.35 31.8 660 
03/17/98 98.6 0.47 20.03 0.4 370 
03/23/98 184.8 0.59 17.35 4.9 430 
03/30/98 274.8 0.38 11.32 6.7 710 
04/06/98 398.7 0.48 9.46 16.0 990 
04/13/98 175.4 0.25 8.52 19.6 680 
04/20/98 85.8 0.33 12.88 17.0 530 
04/27/98 141.1 0.05 18.10 33.7 940 
05/04/98 150.9 0.11 10.89 23.3 910 
05/11/98 104.4 0.07 15.42 10.1 1080 
05/15/98 94.2 0.20 10.61 5.5 540 
05/27/98 198.9 0.06 7.04 16.1 1070 
06/01/98 303.4 2.61 8.97 64.0 1150 
06/08/98 163.5 0.83 5.93 13.4 950 
06/15/98 130.8 0.23 10.11 13.1 1040 
06/22/98 181.9 0.41 12.32 6.0 1150 
06/29/98 212.9 2.64 11.05 8.2 1300 
07/06/98 167.5 1.99 13.75 9.8 1100 
07/13/98 162.7 0.67 11.31 10.6 900 
07/20/98 81.1 0.17 9.29 15.6 610 
07/27/98 34.0 0.10 9.37 4.4 710 
08/03/98 43.5 0.18 12.34 5.4 360 
08/10/98 59:2 0.05 8.84 8.8 440 
08/17/98 39.7 0.34 8.23 1.0 60 
08/24/98 352.2 0.02 6.16 4.6 1310 
08/31/98 189.5 0.98 9.63 7.8 1020 
09/08/98 205.0 0.48 8.92 22.9 1500 ,..._~ 
09/14/98 63.4 0.92 12.32 6.8 360 
09/21/98 1016.4 0.15 7.97 14.0 1490 
09/28/98 242.7 0.07 10.45 6.0 680 
10/05/98 110.1 nd 11.72 1.0 980 
10/09/98 252.4 0.32 11.88 19.7 1450 
10/19/98 300.6 1.06 10.20 1.7 1320 
10/26/98 134.1/ 0.11 15.59 34.3 820 
11/02/98 234.7 nd 15.01 5.7 690 
11/09/98 123.'6 0.02 18.06 1.3 570 
11/16/98 64.7 0.21 20.62 10.3 680 
11/23/98 88.5 0.30 17.77 3.0 700 
11/30/98 228.7 0.7.5 14.03 10.7 660 
Mean 192.5 0.72 12.68 11.1 818 
s.e. 21.1 0.10 0.56 1.5 44 
Min 34.0 0.00 5.93 0.4 60 
Max 1016.4 2.86 22.64 64.0 1500 
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